ABSTRACT: We studied invertebrate drift (intensity, propensity, and diel changes) and the recolonization process of stones in a tropical high-altitude stream in Ecuador for a period of 7 to 25 d during the wet and dry seasons. Our aim was to identify whether seasonal differences in flow produce differences in drift parameters and in the recolonization process, and to examine the role of microhabitat (fast-flow vs. slow-flow areas) in this process. Invertebrate community metrics in drift did not differ between seasons at base flow (<100 l s −1 ), but they were highly correlated with high flow events. As a result, drift propensity values for several taxa were higher during the wet season, when higher flows occurred, indicating that some taxa suffer catastrophic drift (e.g. Podonominae, Simuliidae). In the short-term experiment, taxa richness, density, and diversity of the colonizers increased with time (up to Day 7). On a longer scale (Days 7 to 25; mid-term experiment), time did not affect community metrics. Microhabitat had strong effects on the composition of colonized stones, and was related to the abundance of taxa in the drift. While some taxa that are scarce in drift were only found in slow-flow areas (e.g. Nectopsyche), suggesting that these species actively search for refuges in the stream, copious species in the drift (e.g. Baetodes) were very abundant on the recolonizing stones, especially during the wet season. The present study suggests that flow, the variability of flow (within and between seasons), and its consequences on the drift of several species play a pivotal role in invertebrate colonization and in the structuring of invertebrate communities in different microhabitats of high-altitude tropical streams. 
INTRODUCTION
Recolonization of stream substrate after a disturbance is one of the most important processes that structures macroinvertebrate communities in lotic systems (Boyero & Bosch 2004 ). This recovery is generally fast (Mackay 1992 , Flecker & Feifarek 1994 , beginning within 1 h of the disturbance (Boyero & DeLope 2002) and ending in as little as 30 d (Lake & Schreiber 1991) . Recolonization depends mainly on individuals that arrive with the drift (movement within the water column from upstream), from communities in surrounding patches, and by recruitment through oviposition (Williams & Hynes 1976 , Encalada & Peckarsky 2006 . Many factors affect the colonization process such as substrate characteristics, associated food sources, competition, and predation (Resetarits 1991 , Mackay 1992 , Resetarits 2001 .
Drift composition may profoundly influence benthic community dynamics by either reducing benthic density of the species more prone to drift, which affects the local species composition and abundance, or by the continuous settling of animals in the substrate, colonizing downstream areas (Townsend & Hildrew 1976) . The study of drift, which is a recurrent topic of study in stream ecology, has generated a lot of data but few clear conclusions. In temperate areas, where the role of drift in benthic recolonization is well studied and documented (Brittain & Eikeland 1988 , Mackay 1992 , it has been established that at small temporal scales a great majority of the colonizing fauna come from drift (Williams & Hynes 1976) , and that drift shows a strong diel periodicity with an increase of drift density at dawn and dusk (Allan 1978 , Allan et al. 1986 ). Although the benthic fauna from nearby undisturbed patches may play an important role in the recolonization process, this process has not received sufficient attention (Lancaster & Belyea 1997 , Townsend et al. 1997 .
In tropical areas, recent studies have shown that diel drift patterns are only present on rivers with fish, while the absence of diel patterns has been reported in fishless rivers (Flecker 1992 , Pringle & Ramirez 1998 , Jacobsen & Bojsen 2002 . In the tropics, drift is generally aseasonal (Pringle & Ramirez 1998 , Ramirez & Pringle 2001 , Jacobsen & Bojsen 2002 , Rodriguez-Barrios et al. 2007 ). Under these conditions, the drift density seems to be more dependent on flow, in creasing with high flow conditions (Turcotte & Harper 1982 , Benson & Pearson 1987 . Some tropical streams also show increases in drift intensity during the dry season (Ramirez & Pringle 2001 , Rodriguez-Barrios et al. 2007 .
The role of drift in the recolonization processes of tropical systems has been recently addressed (Boyero & DeLope 2002 , Boyero & Bosch 2004 , Melo & Froehlich 2004 . These studies have found evidence that recolonization through the movement of invertebrates in tropical rivers varies among riffles but not among sections of the river, and that the type of individuals that recolonize the stones depends on both the surrounding patches at the local scale and the drift coming from upstream riffles and larger sections of the river (Boyero & Bosch 2004 , Melo & Froehlich 2004 . One drawback to these studies is that they have only focused on one season for a short period of time. Therefore, seasonal differences in drift that can cause differences in the recolonization process have not yet been addressed. Different species traits and life-history adaptations of benthic fauna can also influence how and when certain taxa arrive at new or disturbed substrata. The effect of microhabitat hydraulic conditions on the recolonization process is also still unknown.
Despite the ever-increasing body of literature on drift and the recolonization of tropical rivers, Andean streams remain remarkably understudied (Allan et al. 2006 , Jacobsen 2008 . Streams in the Andean region are characterized by rapid flow changes that are not easily predictable from seasonal variations in precipitation. This high unpredictability of spates can have important effects on catastrophic (when individuals are washed out by the water forces) and behavioral (when individuals actively enter into drift for foraging or predator avoidance) drift as well as on the recolonization process in these streams. In this context, our aim was to describe the seasonal and diel variation in drift for a high-altitude Andean stream, examine the propensity of different taxa to drift, and compare how these propensities differ among the different seasons. Finally, we explored how these factors impact the recolonization of stones.
MATERIALS AND METHODS

Study area
We performed the study at the Piburja stream (3300 m above sea level [a.s.l.]), a first order stream in the Oyacachi River basin (Amazon basin) located in the Cayambe-Coca National Park in Ecuador (0°13' S, 78°03' W). Oyacachi basin includes several vegetation types such as páramos and wet montane forest (~4000 to 1800 m a.s.l.; in Báez et al. 1999) . Total precipitation in the town of Oyacachi is ~1600 mm per year and the mean annual temperature is ~10°C. The precipitation is 2 to 3× greater than the potential evapotranspiration. This makes for very humid conditions year-round (Skov 1999) . Pluviometric records for the last 10 yr from nearby localities show lower rainfall during the dry season from December to February (mean: 100 mm mo ). During the study periods at the study site (Rios Touma et al. 2009 ) monthly rainfall ranged between 32.6 (December) and 294.8 mm (July).
We studied a pristine 70 m reach of the stream located at 3300 m a.s.l. The stream width along this reach ranges from 1.60 m to 4.0 m. The surrounding vegetation is an evergreen forest with Alnus acuminata trees and a high diversity of Melastomataceae, Asteraceae, and Rosaceae shrubs. The physiochemical parameters of the stream showed seasonal differences (Rios-Touma et al. 2009 , 2011 in mean flow (mean: 71.9 ± 21.0 and 50.2 ± 16.1 l s −1 , wet and dry seasons, respectively) and mean water velocity (mean: 17.0 ± 3.8 and 13.4 ± 2.2 l s −1 , wet and dry seasons, respectively) both of which were higher during the wet season (Kruskal-Wallis test; p < 0.05). We performed all surveys and experiments in April and May of 2006 (wet season), and January and February of 2007 (dry season). The stream has a population of introduced non-native rainbow trout, but its densities are presumably low according to local, anecdotal information.
Drift between seasons
To identify seasonal changes in invertebrate drift and its relationship with flow, we sampled the stream 4 times each season. During the wet season, we sampled twice during spates and twice during low-flow conditions. For the dry season, samples were taken at basal flow levels. To minimize the error related to the presence of differing taxa at different times of day, the low-flow samples from the wet season and the dry season samples were taken at the same hour as the samples taken when spates occurred. Four (dry season) to 6 (wet season) drift nets (250 µm mesh size) blocking the stream (both in width and depth) were placed in the stream for 20 min to 1 h, depending on flow conditions, at each of the 8 sampling sites. The nets were placed in rapids, and blocking the whole stream section (Smock 2006) . Each sample was stored separately and preserved in 4% formalin. All drift density calculations were made according to previously published protocols (Allan & Russek 1985) . To assess the propensity of taxa to drift, we applied the formula: drift density/benthic density (McIntosh et al. 2002) using the mean values of drift density and benthic density for each season. The benthic mean densities were taken from a simultaneous study conducted at the same time along the same reach of stream (Rios-Touma et al. 2011) . These samples were taken using a Surber modified sampler (14 × 14 cm 2 , 250 µm mesh size).
Drift periodicity
To assess whether there is a diel periodicity for invertebrate drift, we collected drift samples 4 times over the course of 24 h during the dry season (lowflow conditions) as follows: (1) From 10:30 to 13:30 h; (2) from 16:30 to 19:30 h; (3) from 22:30 to 01:30 h; and (4) from 04:30 to 07:30 h. We placed 4 nets (250 µm mesh, 15 × 35 cm frame, 2 m long) in a transect across the river for 3 h during each of the 4 sampling periods. Water flow and average velocity for each net mouth was measured at the beginning, middle, and end of each sampling period. Each drift sample was stored separately and preserved in 4% formalin.
Colonization of benthic substrate
We assessed the invertebrate short term colonization of stones in Piburja stream by performing a 7 d colonization experiment during the dry season (basal flow conditions). On the first day, we placed 24 cleaned cobble stones of similar size (mean area = 0.014 m 2 ) and smoothness in the stream. We marked the stones with white paint to recognize them, and to measure how they turned and rolled. We used stones because they are considered well-defined and discrete habitats within a stream (Douglas & Lake 1994) , appropriate for colonization studies (Boulton et al. 1988) . Twelve stones were placed in fast-velocity areas (rapids) and 12 were placed in slow-velocity areas (potential refugia). ) (values from Rios-Touma 2008). Four cobbles from the rapids and 4 from the refugia were inspected for the presence of invertebrates by placing a 250 µm mesh hand net downstream at 1, 3, and 7 d after the beginning of the experiment. The surrounding velocity and stone area (maximum length × maximum width) were measured for each stone. Stone turning was recorded based on 5 categories: (1) no change; (2) less than 45° of inclination; (3) between 45 and 135°; (4) close to 180°; and (5) upside down. This process was repeated 3 times during the dry season along the same reach of stream. During the experiment, the stones did not move downstream. The invertebrates collected from the rocks were preserved in 4% formalin and taken to the laboratory for sorting and identification.
In a second experiment, we tested invertebrate recolonization dynamics on a longer time scale (midterm experiment). Marked clean and dry cobbles (mean area: 0.015 m 2 ) were placed in fast-flow and slow-flow patches along the entire reach of stream (45 cobbles in the wet season and 60 in the dry season). Stones from both patches were collected 4 times each season (at 7, 12-14, 17-19, and 22-25 d after the stones were placed on the river). Similar to the short-term colonization study, for each date we recorded the surrounding velocity around each stone together with the stone area (maximum length × maximum width), and evaluated stone turning. The invertebrate samples were also collected in a fashion similar to that of the short-term experiment. The invertebrates from all drift and colonization samples were classified up to the genus level when possible; Chironomids were classified to the sub-family level, and Oligochaeta, Nematomorpha, and Tricladida were classified to the order level.
Data analyses
Invertebrate taxa densities were log(x +1) transformed when necessary to satisfy homogeneity of variance assumptions necessary to perform the statistical test explained below. In addition to taxa densities, we calculated 4 community metrics for each experiment: richness (S), total density (N), Fisher's α, and Shannon-Wiener (H ') index as log base e.
Drift between seasons
We predicted that catastrophic or behavioral drift densities would increase with flow due to invertebrates getting dislodged during spates, or as a consequence of different hydrological conditions between the 2 seasons. To test this, drift community metrics from the seasonal drift survey were related to flow measurements using Spearman's rank correlations. To assess seasonal changes in the composition of drift, we applied the non-metric multidimensional scaling using Bray-Curtis similarities with the log(x +1) transformed drift densities and ANOSIM analysis to test significant differences among seasons.
Drift periodicity
We hypothesized that at dawn and dusk, all community metrics and taxa densities would be increased compared to the other periods of the day. To test for differences in the community metrics between drift samples from the 4 time intervals, we used a 1-way ANOVA, where the factor was the period of the day that was at 4 levels: morning (10:30 to 13:30 h); evening including dusk (16:30 to 19:30 h); night (22:30 to 01:30 h); and morning including dawn (04:30 to 07:30 h). There were 4 replicates for each period. Since taxa density for most taxa was not normally distributed, we tested drift taxa densities from these 4 intervals by applying a Kruskal-Wallis ANOVA.
Colonization of benthic substrate
For the short-term colonization experiment, we predicted that invertebrate colonization would be influenced by the time since stone placement (colonization days), stone movement, and the flow-velocity patch where the stone was located. To analyze the effect of these factors, we performed the KruskalWallis ANOVA to assess differences in community metrics and taxa densities. We chose this analysis since the data were not normally distributed after transformation.
For the mid-term colonization experiment, we hypothesized that the season would have an effect on the dynamics of the colonizing fauna. To test this hypothesis, we performed a 3-way ANOVA with the different community metrics as response variables along with 3 factors: season (2 levels: wet and dry); colo nization time (4 levels: 7, 12-14, 17-19, and 22-25 d); and velocity patches (2 levels: fast and slow). A Tukey's post-hoc comparison was used to determine significant pair-wise differences among factors when significant. For taxa density (for different families or genera), we tested seasonal differences within microhabitat and the number of colonization days, using a Kruskal-Wallis ANOVA. The false discovery rate correction (FDR; Benjamini & Hochberg 1995) of p values was applied to all multiple tests. The analyses were performed using Statistica 6 and Primer 6 statistical software.
RESULTS
Differences in seasonal drift
Although community metrics (richness, total drift density, and Shannon-Wiener and Fisher's α indexes) did not show any significant variation between the seasons (Table 1) , richness and Fisher's α were highly correlated with flow (Rho Spearman's rank correlation: 0.76; p = 0.031 and 0.83; p = 0.010, respectively). This was corroborated by the nonmetric multidimensional scaling (NMDS) ( Fig. 1 ) and ANOSIM analyses (global R = 0.521, p = 0.29) that showed no association of any invertebrate metrics with season. In general, drift propensity values were higher during the wet season than the dry season ( Fig. 2 , Appendix 1) for several taxa that were present in both seasons (Fig. 2 , Appendix 1). This was especially true for Podonominae, Dia mesinae, Muscidae, Hydracarina, Ochotrichia, Simuliidae, Pyralidae, and Planorbiidae that presented higher drift propensity values during the wet season. Stratiomydae, Maurinia, and Tipula were the only taxa that presented more drift propensity during the dry season, although the absolute values for all these parameters were very low. In the dry season, all taxa had low drift propensity values (Fig. 2 , Appendix 1).
Composition of benthos compared to drift at both seasons
When comparing the composition of benthos and drift samples, we found that in the wet season, 17 of the 52 taxa present in drift samples were absent from the benthos samples, and Tricladia and Hirudinea were only present in benthos Surber samples. In the dry season, 28 taxa were found in the drift and 50 were found in the benthos Surber samples (Table 2 , Appendix 1). Orthocladiinae and Nectopsyche were the most common taxa (up to > 30% of the abundance) in both the benthos and drift, while Simuliidae, which was abundant in drift (13%), represented only 3% of the individuals in the benthos Surber samples. Other taxa such as Ceratopogonidae (8%) and Elmidae (5%) were abundant in the benthos Surber samples, but were less important or almost absent in drift samples. During the wet season, Orthocladiinae and Baetodes were the dominant taxa in the benthos (almost 50% combined) and drift (> 40% combined; Table 2 ). Some taxa were only abundant in the drift samples (Hy dracarina, Simuliidae, and Ochotrichia), while other taxa were only abundant in Surber samples (Chironominae and Cera to po go ni dae). The principal difference between the 2 seasons was that Baetodes was one of the dominant taxa in the wet season, which was much less abundant during the dry season. In the same way, Nectopsyche was dominant during the dry season, but became less important in the wet season. Interestingly, Podonominae presented higher densities in drift samples for the wet season but had higher abundances in benthos samples during the dry season. As stated previously (Fig. 2) has the highest propensity to enter the drift during the wet season.
Drift diel periodicity
At the community level, we did not find significant differences in community metrics for different periods of the day (Table 3) . Total density, richness, Fisher's α, and Shannon-Wiener indexes did not differ among time periods, and the slight rise detected at dusk was not significant. We also performed this analysis using the rarefied data, and once again, we did not detect significant differences between time periods. From the 28 taxa that were common on drift samples in the diel experiment, only the ephe meropterans Baetodes and Leptohyphes showed significant differences between periods (Fig. 3) according to the Kruskal-Wallis ANOVA (Table 4 ). Higher drift densities were found in the period that included dusk (between 17:30 and 19:30 h), but there was a large variability between replicates.
Colonization of benthic substrate
Short-term colonization of stones at basal flow conditions
In the three 7 d colonization experiments (performed only in the dry season, and under base flow conditions), a total of 42 taxa were found. Of these 27 were found after the first day of colonization; 30 were found after 3 d; and 38 were found after 7 d. From these 42 taxa, 8 arrived at the end of the colonization experiment, and only 1 (Tricladia) was present on the first day and disappeared in the following days. According to the Kruskal-Wallis ANOVA (Table 5) , there was a higher invertebrate density and richness on Day 7 than on any other day. Additionally, den sities of Chironominae, Orthocladiinae, Tanytarsini, and Leptohyphes were significantly higher on Day 7 ( Table 2 . Macroinvertebrate dominance (as % of total density) of drift, Surber, and stone samples at Piburja stream during wet and dry seasons. Only taxa representing more than 1% of total density were included. Taxa are ordered according to dominance in drift in the wet season in rocks located in rapids than those in refugia areas (Table 5 ). The densities of Simuliidae, Baetodes, and Hydrobiosidae were higher in the rapids, whereas only Cocliopsyche had a higher density in slow-flow areas.
No movement of stones was detected during the ex periment, although some of them did turn in place. Stone turning was important for Podonominae and Hydrobiosidae. Both showed a significant reduction in density when the stones rolled or turned at least 180°. Even though this reduction by stone movement in these 2 taxa, there was no effect of stone movement on the community metrics.
Mid-term recolonization of stone fauna: effect of local hydrological conditions and seasons
Data from this experiment came from the marked cobbles located in fast-velocity and slow-velocity areas of the stream during the dry and wet seasons. They were sampled from 7 d up to 25 d at 5 to 7 d intervals. From the 41 taxa re gistered for both seasons, few taxa showed significant seasonal changes (Kruskal-Wallis ANOVA; Ap pendix 2). Chiro nominae, Tanytarsini, and Leptohyphes were significantly more abundant during the dry season, and Tanypodinae was more abundant in the wet season.
Community metrics did not differ between days (from Day 7 to Day 25). We did not find significant differences between the community metrics using a 3-way ANOVA performed with season, colonization days, and microhabitat (Table 6) Table 5 . Kruskal-Wallis ANOVA for community metrics and taxa densities (rare taxa excluded) between colonization days (1, 3, or 7 d), stone-movement (from 1 to 5, in order of increase movement), and microhabitat (fast-vs. slow-current areas). Significant values of p after FDR correction are indicated in bold higher richness, density, and diversity at stones located in rapid areas, in dependent of colonization days and season (Tukey's post-hoc comparisons). The taxa that showed significant microhabitat preference were more abundant in rapid areas (Kruskal-Wallis analysis; Appendix 2). We found that during the dry season, 39 taxa were found on the stones (Table 4) . Of these, 35 were present on rapid stones, and 31 were present on slow-flow stones. Several taxa showed significant differences between microhabitats (Appendix 2). Nectopsyche represented 24% of the density of taxa present in slow-flow areas, and Simuliidae made up 17% of the taxa density on stones located in the rapids (Table 2 ). For the comparison of taxa found on stones with Surber (Ríos-Touma et al. 2011) and drift samples, Orthocladiinae and Nectopsyche had a similar percentage of total density in both drift and benthos Surber samples. In the low-flow season, there was a marked decrease of Baetodes in both drift and benthos samples, but this taxon still represented an important part of the stone fauna (7% of the density of both refugia and rapid stones). In the wet season, densities of Tanypodinae, Simuliidae, and Baetodes increased in the rapids (Appendix 2). More than 50% of the density in the rapids was from Baetodes and Simuliidae, while almost 47% of density in slow-velocity areas was from Orthocladiinae followed by Nectopsyche (16%). In drift and benthos Surber samples, Orthocladiinae and Baetodes were the dominant taxa. One interesting fact is that in terms of percentage of abundance, Nectopsyche was less important in drift and benthos Surber samples, although this taxon presents the highest percentages of density on stones located in slow-velocity areas.
DISCUSSION
In the present study, community metrics in drift did not change between seasons. This was in accordance with previous studies in tropical areas (Turcotte & Harper 1982 , Ramirez & Pringle 2001 , RodriguezBarrios et al. 2007 ). Unlike Rodriguez-Barrios et al. (2007) and Ramirez & Pringle (2001) , though, we found an increase, not a decrease, in drift richness and diversity in higher flow conditions, a pattern reported previously by Turcotte & Harper (1982) . Drift propensity clearly differs between seasons, so behavioral and catastrophic drift could be differentiated since a great majority of taxa showed high drift propensity values during the wet season. All these taxa, except for Pyralidae, had higher benthic densities in the dry season and higher drift densities during the wet season. Among the dominant taxa present in both drift and benthos samples, only Simuliidae and Hydracarina seemed to suffer catastrophic drift during the wet season, presenting high drift propensity values for the wet season. On the other hand, the large differences in drift propensity values for taxa between seasons suggest that the high values observed in the wet season are result of a continuous dislodgement of the benthic community, and therefore, this can be interpreted as a catastrophic drift. However, dominant taxa, such as Nectopsyche and Baetodes, that had similar drift propensity values between seasons showed seasonality for benthic Surber densities, indicating that catastrophic drift is not related to the changes in abundance between seasons. This is interesting in terms of the strategies used by these taxa to maintain their populations and avoid catastrophic drift. While Baetodes (Rios-Touma et al. 2011) showed high benthic densi- Table 6 . Summary of the 3-way ANOVA of community metrics related to days of permanence of the stone on the river (7 to 25), season (wet vs. dry), and microhabitat (rapids vs. slow-flow areas). Significant values of p after FDR correction are indicated in bold ties in the rapids during the wet season, and this could be related to a higher availability of fast-flow benthos areas for this season. Nectopsyche, showed a clear preference for slow-flow areas in both seasons, possibly because these areas are less exposed and present a smaller risk of being washed away. This preference for slow-velocity areas could be an indicator of a behavioral trait to avoid drift. This has been reported for other crawling caddisflies (Lancaster et al. 2006) , which permanently avoid fast-velocity areas. These re sults are concordant with previous studies regarding the microhabitat preferences of Nectopsyche (Rios-Touma et al. 2011) . Nectopsyche has always had greater densities in benthos samples during the dry season and on recolonized stones located in slow-velocity areas during the wet season. Therefore, we may conclude that these taxa are actively searching for refugia in slow-velocity areas.
For Baetodes the preference for fast-flowing areas can be interpreted in terms of species traits characteristics. This invertebrate may remain in areas where others are not found due to the water velocity, these areas are more common when the flow is high. Baetodes has the opposite strategy of Nectopsyche.
Although the seasonal differences in the abundance of some taxa in temperate streams have been related to the availability of resources or competition (Kohler & McPeek 1989 , Kohler 1992 , the strong flow variation in our stream suggests that biotic interactions may play a minor role in community structure. We found that overall, except for 2 taxa, there was no difference in the invertebrate drift community throughout the day. This was true for all the community metrics tested. This result differs with data from temperate areas (Allan 1984 , 1987 , Allan et al. 1988 where night drift densities can be up to 10× greater. However, this is not in agreement with previous studies of tropical streams where diel periodicity in drift was weak or nonexistent (Turcotte & Harper 1982 , Pringle & Ramirez 1998 , Jacobsen & Bojsen 2002 , Rodriguez-Barrios et al. 2007 . Despite the overall findings, 2 ephemeropterans, Baetodes and Leptohyphes, showed diel periodicity. This ephemeropteran response may have been elicited by the presence of rainbow trout, reported to be introduced to high Andean rivers (Flecker 1992) , and it agrees with studies that have demonstrated that some ephemeroptera larvae in fishless streams did not show diel periodicity in drift; but after contact with fish, they maintained a nocturnal drift behavior even when returned to a fishless habitat (Allan 1978 , Allan et al. 1986 , Flecker 1992 , McIntosh & Townsend 1994 , Peckarsky & McIntosh 1998 , McIntosh et al. 2002 . Flecker (1992) found this pattern only for Baetis, and not for Baetodes, in a high Andean stream from Venezuela where trout was introduced, while Turcotte & Harper (1982) and Jacobsen & Bojsen (2002) did not find diel periodicity in Baetodes or Baetis in a high Andean stream in Ecuador. We found this pattern for the most abundant ephemeropterans of the stream (which make up a significantly high percentage of the total community density). Our study was time-constrained, and more surveys over several consecutive days in both seasons are needed to better understand the diel periodicity of macroinvertebrate fauna in any stream. We cannot be certain that this pattern always holds in Piburja stream. Unfortunately, the introduced rainbow trout is believed to be widespread among Andean rivers in Ecuador, and it is difficult to find streams without trout to assess the natural condition of fishless Andean streams. From our results, only ephemeropterans seem to exhibit a behavioral response to avoid fish predation in these streams.
The colonization of stones in the tropics is very fast. In the studied stream, there was no difference in the community metrics (richness, density, H ', Fisher's α) between Day 7 and Day 25. However, the most common taxa showed clear differences between microhabitats. As a consequence of this, community metrics values were higher for stones located in fast-velocity areas. This has also been reported for stone-fauna experiments in Australia (Downes et al. 1995) and in the high Andean streams of Ecuador (Jacobsen 2005) . The degree of stone upturn was only important to a few taxa such as Podonominae and Simuliidae. This can help explain the large values for drift propensity for these taxa during the wet season where the upturning of more stones is expected. Microhabitat played an important role in differentiating communities for both the short-term and midterm colonization experiments. The response of community composition to small-scale environmental changes has been observed in temperate aquatic biota and may be related to both abiotic (e.g. substrates, velocity) and biotic factors (e.g. predator avoidance; Resetarits 1991 , 2001 , Binckley & Resetarits 2005 . In the present study, there was a general trend for the presence of richer and more diverse invertebrate communities on stones located in rapid areas. This pattern may have resulted from the continuous influence of drift, which is in turn related to the changes in flow, as suggested by the strong correlation we found between flow and drift density. The dynamics on stone fauna at mid-term (~25 d) varied between seasons, showing a strong influence of both drift and the composition of the benthic communities, either in stones located at slow or fastvelocity patches. Only Orthocladiinae was an important component of both the drift and benthos communities in both seasons, while other taxa had different percentages of mean benthos and drift densities according to the season. Differences may be due to the fact that colonizing taxa preferentially came from one source or the other. Thus, Simuliidae showed high drift propensity rates for both seasons and is an important component of drift diversity. As a consequence, colonizing Simuliidae on stones located in the rapids probably came from the drift. In the cases where colonizing taxa were not present in drift, we can assume that they came from nearby benthic patches (e.g.Nectopsyche, Hydrobiosidae). As a result, both sources are important to explaining the composition of the colonizing stones in Piburja stream.
The present study suggests that flow, variability of flow (within and between seasons), and drift response to this variation play a pivotal role in invertebrate colonization and consequently in the structuring of invertebrate communities in different microhabitats of high-altitude tropical streams. The details of the population dynamics need to be better understood, especially for those taxa that present or could present more long-lived aquatic instars or that are fully aquatic. Bridging this gap in our knowledge of the biology of aquatic insects in neotropical areas, especially the Andean areas, is of primary importance in addressing this issue, as well as other ecological questions, and in enhancing the understanding of tropical aquatic ecosystems. 
